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 Currently, there are many space debris in orbit due to past and current space missions. It is concerned that these 
space debris will become an obstacle to the space development in the future. Some studies show that the amount 
of the space debris is growing up because of the collision between each space debris and the active removing of 
space debris is needed to keep the environment of the earth orbit clean. The studies show that if five spacecraft, 
especially large debris, are removed every year, the environment of the earth orbit can keep the status quo. 
However, it would be dangerous to remove the large space debris such as malfunctioning satellites with 
extravehicular activities by astronauts. Hence, many methods of removing the large space debris by the space 
robots are studied. 
 The elemental technologies for removing malfunctioning satellites consist of rendezvous, capturing, and 
deorbiting. The technologies for rendezvous and capturing are verified in orbit or now in the process of the orbital 
experimental verification. However, the technology for capturing is now in the process of ground verification 
although many methods are proposed. Therefore, we have interest in the technology for capturing malfunctioning 
satellites. Then we categorized these methods with two points of view. One is whether the allowable margin of 
error is small or large. The other is that the space robot can manipulate the target dexterously or the space robot 
can only tow the target after capturing the target. 
 Thinking about the following two points, we use the method that employs robot arms in order to capture 
malfunctioning satellites. First, in actual missions the space robot successfully captures the target satellite which 
is stabilized in orbit. Secondly, the space robot is desired to carry out the servicing missions in the future which 
requires the technology of capturing the target satellite rigidly. However, it is hard for the robot arm to capture the 
rotating target satellite which lost its attitude control and rotates freely. Then thinking about the way of capturing 
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the target satellite by using robot arms, it is the best way to capture the target satellite after detumbling (making 
nutational motion into single spin motion) its motion and making its motion stabilized. This is because the other 
way of capturing the target by using robot arms has a risk caused by the contingent contact. However, the 
previous work for detumbling malfunctioning satellites requires the contact with target satellites, which is a risky 
task because the contingent contact may damage the robot arm or the target that would be bounced away. Hence, 
we propose the method by using a contactless force by the eddy current brake so as to reduce the above risks. The 
strategy for removing malfunctioning satellites by using the eddy current brake is discussed. The strategy is as 
follows: 
1. The space robot detumbles the motion of the target satellite by the eddy current brake. 
2. The space robot reduces the spinning rate of the target also with the eddy current brake. 
3. After the motion of the target satellite becomes stabilized, the space robot captures the target. 
This strategy has an advantage that it can make the target motion stabilized unlike other methods of detumbling. 
The orbital experimental result shows that the space robots can capture the target satellite if the relative velocity 
between the target satellite and the space robot is zero. In sum, this method of detumbling extends the ability of 
capturing the malfunctioning satellite by robot arm.  Then the strategy of detumbling a malfunctioning satellite 
by using an eddy current brake is discussed. Firstly, the motion of the target satellite that we detumble is assumed. 
The observation of the motion of the space debris is very few although there are many space debris existing in the 
earth orbit. Hence, we assume the worst case that the spin stabilized satellite is out of control. The reason why we 
choose the spin stabilized satellite as the target is that the spin stabilized satellite rotates in the spin axis at the 
high angular velocity in order to stabilize the attitude. 
 The principle of the eddy current brake is briefly reviewed. The eddy current brake has an effect only on the 
conductive materials, it can determine if the target satellite consists of the conductive materials. The outer surface 
of the spin stabilized satellite is the solar array panel which is placed on the substrate made of the aluminum 
honeycomb sandwich construction. Therefore, the eddy current brake can apply a braking force to the target 
satellite because the outer surface of the target satellite is the conductive materials. Then the dynamics of the 
nutational motion of the target satellite and that of detumbling by the eddy current brake is discussed. From the 
equation of motion, it is clearly shown that the eddy current brake has to apply a braking force to the target 
satellite when it comes closer to the eddy current brake in order to detumble its motion. 
 After that, the fundamental experiment is carried out in order to measure the effect of the eddy current to the 
spinning target. As a target object, the acrylic cylinder whose outer surface is covered with aluminum plate is used 
? 272 ?
so as to imitate the outer surface of the target satellite. This acrylic cylinder rotates with a certain acceleration. 
The permanent magnet is placed near that cylinder in order to apply a magnetic field to that cylinder. The 
experiment result shows that the eddy current brake works effectively with the aluminum cylinder and the 
braking force depends on the angular velocity of the target object. From the discussion of the dynamics of how to 
detumble the nutational motion and the fundamental experiment result of the eddy current brake, it is shown the 
eddy current brake can detumble the nutational motion. The simulation of the detumbling task is carried out in 
order to confirm that this method can detumble the target motion in the practical time. The simulation result 
shows that this method can detumble the 350 [kg] class satellite within 9 [h]. 
 Then the two strategies of detumbling are proposed. One is using one coil of the eddy current brake. The other is 
using two coils of the eddy current brake. The simulation is carried out to confirm the behavior of the target 
motion when it is detumbled. From the simulation result, the advantage and the disadvantage of two strategies 
are discussed. There are two common features of the two strategies. One is that there is no possibility of the 
collision between the target and the coil, because the coil is placed at the outside of the cone drawn by the target 
satellite. The other is that because the braking force is controlled electrically, it can be cut off immediately. From 
the discussion above, the required specification of the eddy current brake system is clarified. 
 Then the designing of the coil and the controller of the eddy current brake system is described. The coil is 
designed to fulfill the required specification mentioned above. The controller of the eddy current brake system is 
also designed and made by us in order to fulfill our demand. The control law of the field-oriented control used in 
this system is briefly reviewed. In particular, the effect without using the target velocity data is discussed, because 
this eddy current brake is controlled by field-oriented control which generally requires velocity information. 
However, the effect without using the velocity data is not clear when the eddy current brake works in the plug 
braking mode (the direction of the magnetic field movement and that of the target movement are opposite each 
other). Hence, the effect without the relative velocity data is discussed theoretically. This result shows that without 
using the relative velocity data, the braking force becomes large depending on the relative velocity, while with 
using the relative velocity data the braking force can be kept as the constant force. 
 Then two experimental verifications are carried out in order to verify that this eddy current brake system fulfills 
the required specification. One is that we measure the braking force exerted to the target object. The target is a 
flat plate and the relative velocity between the coil and the target is zero. The other is that we measure the 
braking force exerted to the rotating object. The target is a cylindrical object which rotates at a certain angular 
velocity. The effect with or without the relative velocity data is confirmed in this experiment. From the results of 
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the above experiments, unfortunately the developed system does not fulfill the required specification. Therefore we 
research the coil and improve the performance of the coil. Then the same experimental verification is carried out 
for confirming the improvement. The experiment result shows that the braking force of the improved coil fulfills 
the required specification. 
 Finally, the experiment is carried out in order to verify that this method of detumbling and developed system can 
detumble the nutational motion properly. Firstly, the experiment with a one-axis free rotating target is carried out 
in order to confirm that this eddy current brake system can brake the target motion under the condition varying 
the rotational speed. The experiment result shows that the developed system can brake the target motion even if 
the target spinning rate reduces. 
 Then the experiment with a three-axis free rotating target is carried out. The effectiveness of the proposed 
detumbling strategies are shown by the numerical simulations. However, the model of braking force is simple and 
not proper in that simulation. In addition, an actual target consists of the aluminum honeycomb panel or carbon 
fiber reinforced plastic. It is hard to make an accurate model which is made by those material. Hence, it makes 
sense to build the ground experimental facility and to verify its feasibility by using it.  In order to carry out this 
experiment, the equipments, the three-axis free rotating target and the wireless motion measuring system are 
developed. By using these equipments, an experiment of detumbling the nutational motion in three degrees of 
freedom is carried out. The experiment result by using one coil and three-axis free rotating target shows that this 
proposed method can work properly, and the timing control of applying a braking force to the target improves the 
energy efficiency. The trajectory of the spin axis shows that the this method of detumbling detumbles the target 
with keeping the gap between the target and the coil as mentioned in the strategy. However, in this experiment, 
an unexpected repulsive force caused by the eddy current brake is observed, and it precesses the target motion 
into the unnecessary direction. 
 Finally, the detumbling experiment is carried out by using dual-arm robot which has the coil on each end-effector. 
The two robot arms are controlled so as to keep the relative position between the target and the coils. The 
experimental result shows that the strategy by using two eddy current brakes can detumble the nutational motion 
properly. It also shows that the effect of the repulsive force can be suppressed by using two eddy current brakes. 
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